Abstract -The present work cites results of investigating aquatic macroinvertebrates of the Danube River on the sector upstream from the Iron Gate (KM 1083-1071). The investigated part is interesting from the hydrobiological standpoint above all due to differences of faunal composition in relation to higher sections that could be expected in view of differences in overall characteristics of the river. A rich macroinvertebrate community (84 taxa) was observed. The diversity of taxa is primarily a result of habitat diversity within the given stretch. Oligochaeta and Mollusca were the principal components.
INTRODUCTION
The watershed of the Danube is the second largest river basin in Europe, with a size of about 800.000 km 2 . The basin extends over 17 countries. Total length of the river is 2.857 km.
The Serbian reach of the Danube measures 588 km in length. Its middle section and some of its lower part constitute a 220 km-long waterway that forms a natural frontier between Serbia and Montenegro and Romania. The major part of this sector of the Danube (358 km) belongs to the Pannonian basin. The given basin has an area of 178.000 km 2 within the borders of our country. In this section, the Danube is a typical lowland river with a slope of 0.05-0.04 per thousand.
Among the most important factors affecting the nature of the Danube are regulation and damming of the river. Due to construction of a dam at km 943 on the Danube near Sip, a large artificial lake, Djerdap, was formed. The lake stretch, 100 km in length, extends from the dam to Golubac (Iron Gate). After damming of the Danube, the flow rate was slowed upstream as far as Slankamen (km 1215).
The present work treats structure of the macroinvertebrate community upstream from the Iron Gate (km 1083-1076). Due to changes in overall characteristics of the river in the area, the sector can be characterized as the border zone between two Danube types, the Pannonian Plain Danube and the Iron Gate Danube (Robert etal. 2003) . As such, it is interesting from the hydrobiological standpoint. Moreover, the sector is important as target of monitoring because significant human pressure is present in the stretch of the river on the territory of Serbia and neighboring countries.
The Danube watershed on the territory of Serbia and Montenegro has 390 protected areas of national and international importance. This part of the Danube has particular importance for the preservation of biological diversity.
The sector is directly influenced by urban waste waters from numerous settlements within the stretch, as well as by the Kostolac Power Plant. Due to the Iron Gate I dam, the Danube's flow is retarded in this section and the sedimentation rate is higher than before the damming. The Iron Gate Reservoir (including the investigated sector) therefore acts as a depository of fine sediments and pollutans, which are adsorbed to sediments or exist in particulate form (organic micro-pollutants, heavy metals, etc.). Through water-sediment interaction, water quality may also be affected, although its extent is yet to be studied. Moreover, bioaccumulation of persistent substances may have impacts on health of the ecosystem (BTF Report, 1999) .
MATERIAL AND METHODS
The study is based on bottom fauna material collected during the period 1999-2002. The investigation was performed at 15 locations along the banks of the main channel of the Danube River on the sector between km 1083 and km 1076, on an artificial channel, and in marshy ecosystems along the investigated stretch.
Samples of macroinvertebrates were taken in the period 1999-2001 on the sector from km 1083 to km 1071. The investigations involved the main course of the Danube, as well as associated pools and bogs along the stretch and Ada Čibuklija, an island that has been partially submerged since the Iron Gate I dam was built. The sampling sites are presented in Fig. 1 .
Sampling sites along the main course (marked MC for main course on Fig. 1 ) contained habitats with domination of soft-bottom substrates (silt and fine sand deposits) as well ones on hard substrates -pebbles and boulders.
Sampling sites on the Čibuklija Island (marked C for Čibuklija on Fig. 1) , as well as ones in pool-bog ecosystems on side arms (marked SA for side arms on Fig. 1 ) in the shore region. Animals were separated from sediment with a 200-µm sieve. The fauna stuck on the surface of rocks was collected with tweezers and, if necessary, scraped with a brush. Most of the available substrates were observed.
The samples were preserved with 4% formaldehyde. Sorting and identification were carried out using a binocular magnifier (5-50 x) and a stereomicroscope (10x10 and 10x40). The study included qualitative and quantitative analysis of the benthic community. The number of observed taxa and relative abundance are presented in order to describe the distribution of invertebrates along the sector. The relative abundance of taxa in samples or within certain habitats was expressed via the following five-step scale: 1 -present (1-2 individuals per sample); 2 -rare; 3 -frequent; 4 -common; and 5 -very common, mass occurrence. This was done to provide comparable data obtained from material collected by different sampling techniques. In the case of taxa fixed on a hard horizontal surface in relatively deep water (2-5 m), animals were collected and counted by scuba diving.
Correspondence (reciprocal averaging) analysis -CA (Pielou,1984 ) -was carried out on an input table with 84 rows (taxa) x three columns. The input table implied data about the presence/absence of taxa at three groups of sites -sites on the main course of the Danube (MC), sites on Čibuklija Island (C), and sites on side arms in a pool-bog region (SA). This statistical technique resulted in an ordination diagram, which made it possible to analyze the relations between locations and fauna.
RESULTS
During the investigation, 84 macroinvertebrate taxa were identified, as presented in Table 1 .
The greatest taxa richness was observed among Oligochaeta (25 species) and molluscs (22 species), the latter group including 13 species of snails (Gastropoda) and nine species of shells (Bivalvia). Aquatic worms (Oligochaeta) and molluscs were also the principal components of the community in regard to relative abundance. Other benthic groups were less diverse and frequent in the samples. Some animals were observed with considerable relative abundance at particular sampling sites.
Within the principal benthic group (Oligochaeta), the following species adapted to a high organic load (Moog, 1995) were dominant: Tubifex tubifex, Limnodrilus hoffmeisteri, L. claparedeianus, L. udekemianus, and L. profundicola (Oligochaeta). Freshwater mussels (Synanodonta woodiana, Anodonta complanata, A. anatina, Unio pictorum, and U. tumidus) were found to be frequent inhabitants of silt-dominated habitats.
A diverse phytophilous fauna was observed on aquatic vegetation. Representatives of Naididae (Oligochaeta), Gastropoda, Amphipoda, Chironomidae (Diptera), and Odonata were typical inhabitants of aquatic vegetation. Among these groups, Dikerogammarusvillosus (Amphipoda); Theodoxus danubialis, T. fluviatilis, and Fagotia acicularis (Gastropoda); Pyrhossoma nymphula (Odonata); and representatives of Chironomidae (Diptera) were the most frequent.
Habitats on hard substrates were observed near the settlement of Ram (right bank, km 1076-1071). This sector is interesting due to the presence of species that were not observed at other investigated sites: A. holanri and Plumatella sp. The given habitats are also characterized by dense populations of T. fluviatilis and T. danubialis.
The introduced, invasive species S. woodiana, C. fluminea, H. invalida, and B. sowerbyi were frequently found within the investigated area. Sampling sites on side arms are characterized by the following taxa that were not observed at other sites: G. concolor (Hirudinea); P. hammoniensis, N. communis, N. pseudobtusa, N. eluinguis, P. frici, V commata, S. josinae, C. diaphanus, Chaetogaster sp., A. pluriseta, D. obtusa Fig. 2) . Most of the observed species within TG2 are phytophilous taxa -animals adapted to habitats with dense aquatic vegetation. Taxon group 3 (taxon group 3 -TG3 on Fig. 2 Table 1 . Relative abundance of macroinvertebrates in relation to habitat groups: UD -undetermined species among the group (species belonging to group, but not belonging to other taxa listed within the group; the abbreviations of sampling site groups correspond to those on Fig. 1 ). Figure 2 . Results of correspondence analyses -input table with 84 rows (presence/absence of taxa within sampling site groups) x 3 columns (sampling site groups). Legend: The abbreviations of sampling site groups correspond to those on Fig. 1 ; TG1, TG2 and TG3 -taxon groups 1, 2 and 3, respectively (explanation in the text).
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included within TG1 and TG2) listed in Table 1 , except for Plumatella sp., which was observed only in samples collected at Ada Čibuklija. We note that TG3 is mostly composed of ubiquitous species that contribute to faunistic similarity of the observed groups of sampling sites.
DISCUSSION
The sampling program revealed the presence of a rich macroinvertebrate community with 84 identified taxa, which is more than indicated by results of investigation of higher upper sections (Jakovčev, 1987 (Jakovčev, , 1988 Djukić and Karaman, 1994) and the downstream stretch (Djukić and Karaman, 1994; Simić et al. 1997; Simić and Simić, 2004) . Bearing in mind that some taxa (Nematoda, Chironomidae, Ceratopogonidae, Simulidae) were not identified to species level, the total number of taxa is certainly higher.
The taxa diversity results primarily from the presence of different habitat types -soft-bottom habitats (areas with domination of mud, fine sand and sand), habitats on hard substrates (gravel, stones and boulders), and ones with aquatic macrophytes and woody debris. Differences in macrophyte density and species composition additionally contribute to habitat complexity and, consequently, to the diversity of macroinvertebrate taxa.
Another aspect that contributes to the observed diversity of macroinvertebrates is the fact that investigated sector is in a zone of changes in overall characteristics of the river -the sector can be characterized as the border zone between two Danube types, the Pannonian Plain Danube and the Iron Gate Danube (Robert etal. 2003) . Within the observed stretch, the influence of both the downstream sector and the higher zone is evident in the faunistic composition of macroinvertebrates. Thus, some species that were not observed in the higher stretch, but were observed downstream (Berneth etal. 2002) , were found during our investigation. An example of this is A. hollandri (Gastropoda). Further, considerable relative abundance of T. danubialis and T. fluviatilis (Gastropoda) was observed in the present study. That is characteristic of the Iron Gate Danube.
We observed the macroinvertebrate fauna typical of large lowland rivers. Oligochaetes and molluscs were the principal components of the community in regard to number of identified species, as well as in regard to relative abundance. That was expected in view of the watercourse type. Similar community structure was observed in previous investigations of the Danube River in Serbia (Jakovčev, 1987 (Jakovčev, , 1988 Djukić and Karaman, 1994; Arambašić, 1994; Simić et. al. 1997; Simić and Simić, 2004) . In potamon-type rivers in Serbia and neighboring regions, molluscs and oligochaetes are typically the most diverse and abundant groups.
Correspondence analyses (Fig. 2) showed differences in macroinvertebrate fauna composition among sampling sites along the main course of the Danube (MC) and those selected on side arms (SA). They are indicated by dimension 1 (60% of variability). Sites located on Čibuklija Island (C) are situated in the central position of the ordination graph in relation to dimension 1. Deviation in central position of the C group of sites in relation to dimension 2 is primarily a consequence of finding of P. geometra (Hirudinea) at related sites. The given species is not typical of a certain habitat type, so variation of the C group of sites with respect to dimension 2 can be disregarded. Positioning of site group C in the central part of the diagram showed that faunistic composition of related sites has a transitional character between the fauna observed at main course sites (MC) and that observed on side arms (SA). This finding can be attributed to the presence of the environmental conditions observed at main course sites (soft-bottom, hard bottom, flowing sections) and those observed on side arms (dense macrophyte vegetation, standing water sectors, detritus).
The position of groups of sampling sites on the correspondence analysis ordination diagram is determined by three groups of species (Fig. 2) .
It should be underlined that the introduced, invasive species S. woodiana, C. fluminea, H. invalida, and B. sowerbyi were frequently found within the investigated area. The mentioned species were also found in previous investigations of the Danube (Djukić and Karaman, 1994; Simić et. al. 1997; Berneth et. al. 2002) and its main tributaries (Csanyi, 2002; Paunović, 2004) . Due to the significant threat to health of the aquatic ecosystem as documented by Mack et al. (2000) , populations of invasive alien species should be intensively observed in order to design protective measures.
CONCLUSIONS
A rich macroinvertebrate (84 taxa) community was observed within the investigated sector.
Taxon richness can be attributed to habitat diversity, as well as to the position of the investigated part at the border between two Danube types.
We observed the macroinvertebrate fauna typical of large lowland rivers, with domination of oligochaetes and molluscs.
Three groups of sites were determined according the faunistic structure of macroinvertebrates using correspondence analyses -sites along the main course (MC on Figs. 1 and 2), sites on side arms (SA on Figs. 1 and 2) , and sites on Čibuklija Island (C on Figs.1 and 2 ).
